The clinical significance of traumatic subarachnoid hemorrhage (TSAH) was studied in 20 head-in jured patients. They were classified into mild (9) and severe (11) groups by their initial Glasgow Coma Scale (GCS) scores. TSAH detected by computed tomography was localized in the Sylvian fissure in four of the nine mild group patients, but was also found in other basal subarachnoid cisterns in the other five. Except for one patient who developed delayed vasospasm and communicating hydro cephalus, all had favorable outcomes in this group. Massive TSAH was noted in the basal sub arachnoid cisterns in 10 severe group patients and only one had a good outcome. Delayed intra cerebral hematoma in the frontal or temporal lobe in the vicinity of the Sylvian fissure was found in two mild and two severe group patients with TSAH in the Sylvian fissures. Traumatic parenchymal lesions in the brainstem were minimal in one of the two autopsied patients and no evidence of diffuse axonal injury was found in both cases. Thus, TSAH in the Sylvian fissure is suggestive of focal brain contusion around the fissures. Massive TSAH in the basal subarachnoid cisterns is not necessarily asso ciated with severe parenchymal injury of the brainstem.
Introduction
Traumatic subarachnoid hemorrhage (TSAH) is a common autopsy finding in patients with head in juries.''9"'" In clinical patients, massive TSAH found on computed tomographic (CT) scans may be as sociated with severe, diffuse brain damage including the brainstem and the outcome of these patients is often unfavorable . 4, 6, 8, 14) In the present study, we in vestigated the clinical features, outcomes, and histo logical findings in patients with TSAH to determine its clinical significance.
Materials and Methods
The subjects of this study were 20 TSAH patients, who had no space-occupying lesions on initial CT scans. Their ages ranged from 5 to 77 years and averaged 43.1 years. No patients had serious multiple injuries. The patients were classified into a mild group with initial Glasgow Coma Scale (GCS) 16) scores of 13 or more (9 patients with a mean age of 45.8 years) and a severe group with initial GCS scores of 7 or less (11 patients with a mean age of 40.9 years). The CT findings and outcomes were compared for these two groups.
TSAH detected on CT scans was evaluated at the pontine-interpeduncular, the ambient-quadrigemi nal, and the suprasellar cisterns and the Sylvian fis sure. The degree of TSAH was then classified into three grades according to the density on CT scans: mild (+), with a faint layer of blood; moderate (-H-), with a thin layer of blood; and massive ( ), with a thick layer of blood. The outcome was eval uated according to the Glasgow Outcome Scale" scores at 3 months after injury. Good recovery and moderate disability were classified as good and se vere disability and persistent vegetative state as poor. Autopsies were performed on two of the eight de ceased patients and their brains including the brain stem were histologically examined.
Results TSAH was found in the Sylvian fissures and/or the suprasellar cistern in the nine mild group patients (Table 1) . Only three patients had TSAH in the pon tine-interpeduncular and/or the ambient-quadri geminal cisterns. The outcomes in this group were good for eight patients and poor for one. Delayed intracerebral hematomas were found in the tempo ral or frontal lobe in the vicinity of the Sylvian fis sures in two patients. Delayed vasospasm and com municating hydrocephalus developed in one patient (Case 4) with TSAH in the pontine-interpeduncular, ambient-quadrigeminal, and suprasellar cisterns (Fig. 1) . The GCS scores on admission were 5 or less in eight of the 11 severe group patients (Table 2 ). Ten patients showed clinical evidence of primary brain stem injury, such as decerebrate posturing and ab normal ocular signs. Moderate to massive TSAH were found in the pontine-interpeduncular and/or ambient-quadrigeminal cisterns in eight patients. Six of the eight deceased patients had TSAH in all the cisterns evaluated in this study, and two patients with poor outcomes had TSAH in three major sites. Only one patient (Case 10) with localized TSAH in both the suprasellar cistern and Sylvian fissure had a good outcome. The degree of TSAH in the supra sellar cistern and Sylvian fissure did not influence the outcome. However, TSAH in the pontine-in terpeduncular and ambient-quadrigeminal cisterns indicated a poor outcome. Follow-up CT scans showed delayed intracerebral hematoma in two pa tients (temporal lobe in one and frontal lobe in the other on the side of TSAH in the Sylvian fissure). Marked brain swelling was noted in bilateral cerebral hemispheres in one patient.
Histological study in one patient (Case 17) reveal ed small hemorrhagic lesions in the dorsal brainstem (Fig. 2) . However, the brainstem lesions were mini mal in Case 18 (Fig. 3 ). There were no macroscopic lesions in the corpus callosum or other cerebral white matter and no evidence of axonal retraction balls or microglial stars in these two patients. "2 
Discussion
TSAH is reported to be caused by the rupture of small vessels in the pia-arachnoid when the brain is moved under the dura mater by external force during injuries '"') or by hemorrhage associated with cor tical contusions. TSAH is a common autopsy find ing in severe head-injured patients.",") It is often difficult to identify TSAH over the convexity areas by CT scanning because of an artifact due to the skull, although TSAH in the basal subarachnoid cis terns and Sylvian fissure is often demonstrated.",") TSAH in the basal subarachnoid cisterns has been considered to indirectly indicate primary brainstem injury in many patients. ',",") In the present study, TSAH was mainly located in the Sylvian fissures or suprasellar cistern in the mild group patients. On the other hand, moderate to massive TSAH was pre dominantly found in the pontine-interpeduncular and ambient-quadrigeminal cisterns in the severe group patients. Follow-up CT scans showed delayed hematoma in the temporal or frontal lobe on the same side as TSAH in the Sylvian fissure. There fore, TSAH in the Sylvian fissure is suggestive of focal cortical contusion in the vicinity. Accordingly, such patients should be kept under strict neurologi cal and CT observation. One patient developed delayed vasospasm and communicating hydrocephalus. Several authors',") have already reported post-traumatic vasospasm. Aruga et al.') reported three cases of cerebrovascu lar narrowing associated with severe head injuries. Since all these patients showed marked cerebral swelling and intracranial hypertension, they pro posed intracranial circulatory insufficiency associ ated with intracranial hypertension as the cause of such vasospasm.
Suwanwela and Suwanwela12) re ported that no TSAH was found in some patients with narrowing of the major basal arteries occur ring soon after head trauma. Therefore, not only TSAH but also mechanical injuries in the vascular wall may be responsive for post-traumatic vaso spasm. In addition, Wilkins" ) stressed the impor tance of neurogenic factors due to hypothalamic in juries as the cause of post-traumatic vasospasm. Our patient, however, did not show any evidence of hypothalamic injuries. It is well known that vasospasm is closely related to the degree of SAH in patients with ruptured cerebral aneurysm.") Since a full study with cerebral angiography was not per formed in our series, it is not known whether massive TSAH was frequently associated with arterial nar rowing or not. It is plausible that the delayed vasospasm in our case was induced by the same mechanism as ruptured aneurysm because there was no evidence of acute intracranial hypertension or hypothalamic injury. Primary brainstem injuries have been considered to be associated with diffuse axonal injury in many patients. 1,2,8) However, hemorrhagic lesions in the brainstem were rarely detected on CT scans in pa tients with clinical signs of primary brainstem in jury.') Accordingly, TSAH in the basal subarach noid cisterns is considered an important finding sug gesting primary brainstem injury.',','," Hosaka et al.') reviewed CT scans of 27 primary brainstem in juries and found the isodense brainstem in 12 cases and TSAH around the brainstem in 10. In the pres ent study, clinical evidence of primary brainstem in jury was present in 10 patients with massive TSAH around the brainstem. Histological examination in one patient certainly disclosed focal hemorrhagic lesions in the brainstem. However, lesion was mini mum in the other autopsy patient. In addition, le sions in the corpus callosum as well as axonal retrac tion balls or microglial stars, characteristic to diffuse axonal injury, 1,2) were not found in these two pa tients. Therefore, massive TSAH in the basal sub arachnoid cisterns should be treated as an independ ent category of diffuse brain injury. Nakamura10j stated that from experimental studies in monkeys primary brainstem hemorrhage was not easily in duced even by lethal cerebral injuries and death was presumably caused by cardiorespiratory insufficien cy due to severe brainstem dysfunction. The death of patients with TSAH in the basal subarachnoid cisterns is not necessarily associated with parenchy mal injury of the brainstem, but rather with severe brainstem dysfunction. 
